ABSTRACT. The balloon flower (Platycodon grandiflorum A. DC.) is a perennial flowering plant of the Campanulaceae family; it is the only member of the genus Platycodon. Information on the genetic diversity of balloon flower populations is of great importance for the conservation and germplasm utilization of this flowering plant. Twenty-two polymorphic microsatellite loci were developed and characterized with eight balloon flower accessions collected from South Korea and China. Eighty-one alleles were detected among the eight balloon flower accessions. The number of alleles per locus ranged from two to six, with a mean of four alleles per locus. The observed and expected heterozygosity values ranged from 0.000 to 0.875 (mean = 0.355) and 0.117 to 0.766 (mean = 0.489), respectively. The polymorphic information content values ranged from 0.110 to 0.733, with a mean of 0.449. These new microsatellite markers will be useful for population and conservation genetic studies of P. grandiflorum.
INTRODUCTION
Platycodon grandiflorum A. DC., known as bell flower or balloon flower, is the only species in the genus Platycodon L. of the family Campanulaceae. It is a herbaceous perennial native to northeastern Asia (Hong et al., 1983) . Balloon flower is valued as a horticultural plant for its balloon-shaped flower. Its roots are popular in traditional Chinese medicine because they are abundant in triterpenoid saponins (Ishii et al., 1978; Fu et al., 2006 ) and used as a remedy for cough, cold, bronchitis, asthma, and sore throat (Germida et al., 1998; Lee et al., 2004) . The root of balloon flower is commonly called doraji in South Korea, jie geng in China, and kikyo in Japan, and total saponin content varies among the germplasm resources (Kim et al., 2005) .
Balloon flower is widely distributed in South Korea, but it is difficult to classify based on its morphological features aside from flower color and type. Furthermore, the root growth of domesticated balloon flower is faster than that of the wild type, and the root number of some landraces is higher than that in others. The aerial parts of P. grandiflorum are very similar to those of the wild type. Understanding the genetic variation, genetic structure, and phylogenetic characteristics of this species is important for its conservation and sustainable use, but molecular markers to classify genetic diversity in P. grandiflorum have not yet been reported.
Microsatellite markers are highly efficient molecular tools for studies on evolution, molecular ecology, and conservation biology owing to their high levels of polymorphism and high reproducibility. The present study is the first on the development and characterization of microsatellite markers in balloon flower.
MATERIAL AND METHODS
Microsatellite enrichment was performed according to the method of Kwon et al. (2009) . Genomic DNA was extracted from the young leaves of P. grandiflorum using the Plant DNAzol reagent (Invitrogen) and was completely digested with 7 restriction enzymes: EcoRV, DraI, SmaI, PvuI, AluI, HaeIII, and RsaI. After pooling, size-selected DNA (300-1500 bp) was isolated on agarose gel using a gel extraction kit (Qiagen). DNA fragments were then ligated to a blunt-end adaptor (AP11: 5ꞌ-CTC TTG CTT AGA TCT GGA CTA-3ꞌ and AP12: 5ꞌ-TAG TCC AGA TCT AAG CAA GAG CAC A-3ꞌ) and hybridized with a mixture of biotin-labeled simple sequence repeat (SSR) probes [(GA) 20 , (CA) 20 , (AGC) 15 , (AAG) 15 , (AAC) 15 , and (AGG) 15 ]. The hybridized DNA fragments were subsequently captured on streptavidin-coated magnetic beads (Promega, USA), then cloned into vector PCR TOPO (Invitrogen) and transformed into chemically competent Escherichia coli cells (Invitrogen) for cloning. A total of 640 white colonies were randomly picked from the cloning plates. Plasmid DNAs were isolated using the QIAprep Spin Miniprep kit (Qiagen) and sequenced using an ABI 3100 DNA sequencer (Applied Biosystems, USA). SSR Manager (Kim, 2004) was used to identify the motifs within the cloned sequences and design primer pairs covering these regions.
The 640 clones were sequenced, and 43 clones (6.7%) revealed redundancy. Four hundred and sixty-nine (78.6%) of 597 unique clones contained microsatellite sequences, of which 281 clones had flanking regions suitable for primer design. The 281 pairs of primers were designed from flanking sequences of microsatellite motifs. Twenty-two of these microsatellites were successfully amplified and showed polymorphism in the 8 balloon flower accessions collected from South Korea and China. The M13-tail at the 5ꞌ-end region PCR method was used to measure the sizes of the amplified products (Schuelke, 2000) . Amplified fluorescent-labeled PCR products were analyzed in an Abi-Prism 3130x1 Genetic Analyzer (Applied Biosystems). Fragments were sized and scored into alleles using GeneMapper v4.0 (Applied Biosystems).
The total number of alleles, expected and observed heterozygosities, and deviations from HWE for each SSR locus were calculated with PowerMarker version 3.25 (Liu and Muse, 2005) .
RESULTS AND DISCUSSION
Eight-one alleles were detected, with an average of 4 alleles per microsatellite locus (Table 1) . Of these markers, only 2 (GB-PG-004 and GB-PG-029) produced the highest number of alleles (6), whereas 5 markers (GB-PG-059, GB-PG-086, GB-PG-099, GB-PG-127, and GB-PG-197) detected just 2 alleles. The observed heterozygosity ranged from 0.000 to 0.875 (mean = 0.355), and the expected heterozygosity from 0.117 to 0.766 (mean = 0.489). The polymorphic information content ranged from 0.110 to 0.733, with an average of 0.449 (Table  1 ). The 22 microsatellite markers developed will be useful for future genetic diversity, classification, and genetic structure studies in P. grandiflorum.
